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Introduction
The travel frequency and range of urban residents are affected by the land use pattern. In fact, the residents mainly consider two factors when choosing between different travel methods, namely, their own needs (e.g. work, shopping and entertainment) and the land use features (e.g. form, intensity and function). To encourage low-carbon travel, it is necessary to disclose the effects of land use features on travel mode and identify the control indices of intensive land use in blocks, which are the basic units of the urban area. In this way, more residents will choose lowcarbon travel, reducing the carbon emissions in transport and protecting the environment (Tu and Ma, 2018) .
The studies on land use pattern generally hold that dense grids and small roads are conducive to low-carbon travel among residents (Friedman and Cammalleri, 1994; Liu and Qing, 2011; Susan, 1996; Newman and Kenworthy; 1996; Hou et al., 2018; Zhang et al., 2018; Pan, 2010) . Some scholars compared the effects of different block types on residents' low-carbon travel, including traditional hutongs, dense square grids, neighborhood units, and superblocks, and concluded that the residents are more likely to adopt low-carbon travel in traditional hutongs and dense square grids (Qin and Tian, 2013; Huang et al., 2013; Chai et al., 2011) . However, there is not yet an agreement on the spacing in the road network. Atash (1994) suggested that most residents prefer walking over driving if the destination is 400 m away or within 5 min drive, while Xiao (2011) claimed that most people are willing to walk to a destination within 150 m.
On land use intensity, many scholars have found that high residential density suppresses car usage, travel frequency and commuting distance, while promoting nonmotorized travel (Hou and Wang, 2016; Forsyth et al., 2007; Handy, 1992; Giuliaono. and Naravan, 2003 ; Levinson and Kumar, 1997) . Compared to rural areas, the urban area has a large population and a high plot ratio. Thus, the travel demand of urban residents is more sensitive to the changes in land use than that of rural residents. Facing the mixture of various types of land use, the urban residents often choose to travel on foot or bike within a small range (Zhou and Yang, 2005) . Some scholars noted that the plot ratio has a positive impact on traffic flow intensity, and thus promotes public transport among urban residents (Caldera et al., 2017; Mao et al., 2004 Mao et al., , 2005 Mao et al., , 2002 .
On land use function, the degree of mixed land use is positively correlated with the ratio of public transport and walking (Frank and Pivo, 1994; Kockelman, 1997; Ewing and Fanag, 2008; Greenwald and Boarnet, 2002) , and that of walking and biking (Zhou and Qian, 2014; Wang and Chai, 2009; Pan et al., 2009; Ma et al., 2013 Ma et al., , 2011 . In addition, it is often believed that the urban residents' choice between travel methods depends heavier on the degree of mixed land use in the workplace than that in residential areas (Ewing et al., 2003; Maat and Timmermans, 2009 ). However, some scholars argued that the degree of mixed land use has little effect on the choice of travel methods (Liu et al., 2010; Cervero, 1995) . Moreover, many scholars held that the balance between working function and residential function of land use will shorten the commuting time and increase the ratio of walking and biking (Cervero, 1989; Long et al., 2012; Tana et al., 2015) . The travel features of residents can be judged more clearly with land use function data from multiple sources (Long et al., 2012; Hou et al., 2018 Hou et al., , 2017 .
In view of the above, this paper attempts to disclose the relationship between lowcarbon travel and block land use using multi-source data on various transport modes, and clarify the influence mechanism of land use on low-carbon travel through qualitative and quantitative analyses. With the aid of big data technology, the spatiotemporal features of low-carbon travel were discussed in the context of land use, and determined in an objective and scientific manner. The research findings shed new light on the optimization of block structure, enrich theories and methods of block land use, and promote low-carbon travel among urban residents.
Methodology

Background (1) Research object
The existing studies have shown that the urban residents' selection of travel methods, and their carbon emissions in travel, are greatly affected by the intensity, form and function of land use. Thus, the three land use indices of blocks must be arranged in a scientific manner. Based on the geographic information system (GIS), this paper selects 19 blocks from Xi'an, the seat of northwestern China's Shaanxi Province, and divides them into two groups by land use function. As shown in Figure 1 , the blocks a, b, e, h, l, n, o, q and r were categorized as housing-oriented blocks, because more than half of the land in each of them is used for residential purpose; the blocks c, d, f, g, i, j, k, m, p and s were classified as job-oriented blocks, because more than half of the land in each of them is used for working purpose. The data on residents' travel data (e.g. distance, frequency, trajectory and mode) were extracted from phone signals, app records and field surveys in the two weeks from Nov. 5~18, 2018. Specifically, the phone signals were acquired from China Unicom, the service provider to 17.07% of all phone users in Shaanxi; the app records were obtained from the GPS data in the bike sharing app Mobike; the field surveys were carried out in the 18 blocks to verify the results of phone signals and app records, collecting 1,900 data entries.
(3) Data on land use
The data on land use were obtained from digital maps, satellite images and phone signals. The digital maps were adopted to determine the nature of land use in each block, and verified against the remote-sensing satellite images. The residential and working situation were evaluated using the phone signals.
Index preparation
In this paper, the land use indices that greatly affect low-carbon travel are determined in three steps: quantifying the land use features, selecting the features related to travel mode through Pearson correlation analysis, and evaluating the relationship between feature indices and low-carbon travel by the Logit model. The specific process is explained as follows.
(1) Feature indices of land use
Inspired by the existing studies, six feature indices about land use function, intensity and form were found to be highly relevant to how urban residents choose between travel methods. The six indices are the degree of mixed land use, the job-housing ratio, building density, plot ratio, road density and the ratio of open space.
The degree of mixed land use M can be calculated as: 
where a is the total area of all types of buildings in a block (m 2 ); b is the area of type i buildings in the block (m 2 ). The job-housing ratio JHR can be calculated as:
where JHRi is the job-housing ratio of block i; is the number of jobs in block i; is the resident population in block i.
The building density B can be calculated as:
where is the floor area of all buildings in a block (m 2 ); L is total land area in the block (m 2 ).
The plot ratio P can be calculated as:
where is the total building area of a block (m 2 ); L is total land area in the block (m 2 ). The road density can be calculated as:
where is the length of road i in a block; L is total land area in the block (m 2 ).
The ratio of open space O can be calculated as:
where is the area of public green space in a block (m 2 ); L is total land area in the block (m 2 ).
(2) Pearson correlation analysis
The Pearson correlation analysis was performed on SPSS, aiming to clarify how different land use features are correlated to each other and select the features that are relevant to low-carbon travel. http 
3) Logit model analysis
Taking the total population of each block as the behavioral decision unit, the optimal travel mode will be selected by the block residents from a set of independent alternatives. Hence, the Logit model was selected to determine the relationship between typical land use features and low-carbon travel.
Let be the utility of choosing travel mode i from the set of alternatives Cn in block n, that is, the effect of land use features on the travel mode selection of the residents in the block. When two alternatives i and j are available ( ), the residents of block n will select travel mode i only if Uin is greater than Ujn. According to the random utility theory, Uin can be expressed as:
where Vin is utility constant when travel mode i is selected for block n; is the change in utility probability resulted from the implicit preference unique to the block residents.
If in and Vin are independent of each other and obeys the Gumbel distribution, then the probability that the block residents choose travel mode i can be described as:
Next, the utility constant when travel mode i is selected for block n ( ) can be described by the following linear function:
where is the k-th land use index when selected travel mode i is selected for block n;
is the undetermined coefficient of . The value of can be calibrated by survey data. Taking the logarithm on both sides of Equation 9, the contribution rates of six different travel methods (i.e. walking, bike, e-bike, motorcycle, bus, metro, car) can be expressed as: 
The equation is clearly workable.
Results
Features of residents' travel mode and land use
As mentioned before, the blocks a, b, e, h, l, n, o, q and r were categorized as housing-oriented blocks, and the blocks c, d, f, g, i, j, k, m, p and s were classified as job-oriented blocks.
(1) Low-carbon travel features of residents
The research data show that the residents in the 19 blocks mainly travel by walking, bike, e-bike, motorcycle, bus, metro and car.
The traffic flow in the housing-oriented blocks is relatively low, and dominated by walking and bike. By contrast, the job-oriented blocks have a high traffic flow, most of which occurs on bus and subway.
The residents in blocks a, b, e, n, o, l and m often engage in short-distance travels (< 1.5 km), those in blocks d, f, g, h, i, j, k, l, m, n, q, r and s are frequently involved in mid-distance travels (1.5~3 km), and those in blocks m and p mainly travel over long distances (3~21 km). The residents in block c have equal probability to embark on short-, mid-and long-distance travels.
The ratio of each low-carbon travel mode is listed in Table 1 . (2) Land use features of the blocks Based on the six feature indices (Eqs. 1-6 ), the land use features of the 19 blocks were obtained in the aspects of function, intensity and form. The results are displayed in Table 2 . 
Correlation analysis (1) Correlation between travel methods and land use features
The correlation analysis between travel methods and land use features was carried out and the results were presented in the form of a matrix ( Table 3 ). As shown in Table 3 , the building density has a positive impact on the ratio of walking (significance < 0.05) and a negative impact on the ratio of car travel (significance < 0.01). The metro travel enjoys a significant positive correlation with plot ratio and degree of mixed land use (0.05 < significance < 0.1). In addition, the six travel methods have unobvious correlations with job-housing ratio, road density and ratio of open space. http *At the 0.05 level (dual side), the correlation is significant **At the 0.01 level (both sides), the correlation is significant
(2) Correlation between land use features
The correlation analysis shows no correlation between the three land use features that are significantly correlated to the selection of travel mode ( Table 4 ). 
Relationship models between land use features and low-carbon travel
The logit model (Eqs. [7] [8] [9] [10] [11] [12] can be used to calculate the correlation between land use characteristics and low-carbon travel characteristics in different types of blocks.
(1) The relationship model for housing-oriented blocks Based on the results of regression analysis the relationship models between land use features and low-carbon travel in housing-oriented blocks can be constructed as: 6 where yin is the probability logarithm of block i to choose travel mode n (i = 1 for housing-oriented blocks; i = 2 for job-oriented blocks; n = 1 for zero-carbon travel methods like walking and bike; n = 2 for high-carbon travel methods like e-bike, motorcycle and car; n = 3 for low-carbon travel methods like bus and metro); is the standardized value of land use index j (j = 1 for building density; j = 2 for plot ratio; j = 3 for the degree of mixed land use; j = 4 for road density; j = 5 for the ratio of open space; j = 6 for job-housing ratio).
(2) The relationship model for job-oriented blocks
Based on the results of regression analysis, the relationship models between land use features and low-carbon travel in job-oriented blocks can be constructed as: where the symbols have the same meanings as above.
Discussion
The traffic flow is essential to the research on the travel features of urban residents. The phone signals can accurately reflect the traffic flows of travel methods like car, bus and metro. However, it is difficult to obtain the complete traffic flows of walking and bike from phone signals, due to the long intervals between two collections. Thus, the http://www.aloki.hu • records of Mobike and field survey data were necessary for correction of the data acquired from phone signals. The nature of land use has a great impact on the traffic flow and ratio of each travel mode. For instance, the residential-oriented blocks have a far smaller traffic flow than the job-oriented ones. In general, the residential-oriented blocks are dominated by nonmotorized travel while the job-oriented blocks are dominated by motorized travel.
In residential-oriented blocks (Eqs. [13] [14] [15] [16] , building density promotes the ratio of zero-and low-carbon travel methods and inhibits that of high-carbon travel methods; the plot ratio suppresses the ratio of zero-carbon travel methods, but promotes that of high-and low-carbon travel methods; the degree of mixed land use improves the ratio of zero-carbon travel methods, with no significant impact on high-and low-carbon travel methods; road density has a positive impact on the ratio of zero-carbon travel methods, and a negative impact on low-and high-carbon travel methods; the ratio of open space reduces the ratio of zero-and high-carbon travel methods, yet increases the ratio of low-carbon travel methods; the job-housing ratio enhances the ratio of zerocarbon travel methods, and lowers the ratio of high-and low-carbon travel methods.
In job-oriented blocks (Eqs. [17] [18] [19] , building density has an unobvious effect on the ratio of high-carbon travel methods; the plot ratio promotes the ratio of high-and lowcarbon travel methods; the degree of mixed land use and road density both elevate the ratio of zero-and low-carbon travel methods, and reduce that of high-carbon travel methods; the ratio of open space inhibits the ratio of zero-carbon travel methods, but promotes the ratio of low-and high-carbon travel methods; the job-housing ratio has a positive effect on the ratio of zero-carbon travel methods and an inhibiting effect on the ratio of high-and low-carbon travel methods.
Conclusions
The previous studies on the effect of land use pattern on residents' travel mode are highly subjective due to the difficulty in data acquisition, failing to verify their theoretical hypotheses. This paper objectively demonstrates how land use features affect the low-carbon travel among urban residents. The research data were collected from various sources, including phone signals, app records and field surveys, making it possible to analyze and verify the effects in an objective manner. Two models were established to depict the relationship between block land use features and residents' travel methods, and the effects of six land use features on the selection low-carbon travel were discussed in details. The main conclusions are as follows.
The nature of land use has a great impact on the traffic flow and ratio of each travel mode. In other words, the land use pattern is a significant determinant of the travel features of urban residents.
The residential-oriented blocks feature high building density, low plot ratio, high degree of mixed land use, low ratio of open space and high job-housing ratio. The residents in these blocks prefer non-motorized, low-carbon travel methods. By contrast, the job-oriented blocks have low building density, high plot ratio, high degree of mixed land use, medium road density, high ratio of open space and low job-housing ratio. The residents in these blocks are used to public travel methods.
The future research will further eliminate the errors in feature extraction, widen the scope of research area, and simplify the index system.
